This report describes the May-June 2002 Englebright Lake coring project. Englebright Lake is a 14-km-long reservoir on the Yuba River of northern California, impounded by Englebright Dam, which was completed in 1940. The sediments were cored to assess the current conditions in the reservoir as part of the California Bay-Delta Authority's Upper Yuba River Studies Program. Sediment was collected using both hydraulic-piston and rotational coring equipment mounted on a floating drilling platform. Thirty boreholes were attempted at 7 sites spaced along the longitudinal axis of the reservoir. Complete sedimentary sections were recovered from 20 boreholes at 6 sites. In total, 335 m of sediment was cored, with 86% average recovery. The core sections (each up to 1.5 m long) were processed using a standard set of laboratory techniques, including geophysical logging of physical properties, splitting, visual descriptions, digital photography, and initial subsampling. This report presents the results of these analyses in a series of stratigraphic columns. Using the observed stratigraphy as a guide, several series of subsamples were collected for various sedimentologic, geochemical, and geochronological analyses. The results of laboratory analyses of most of these subsamples will be presented in future reports and articles.
INTRODUCTION
Beginning in 2001, the California Bay-Delta Authority (CBDA), formerly the California-Federal BayDelta Program (CALFED), has sponsored the Upper Yuba River Studies Program (UYRSP, http://www.nasites.com/pam/yuba/), an investigation of the feasibility of introducing anadromous fish species to the Yuba River system upstream of Englebright Dam (Figure 1 ). The UYRSP has six scopes of work: sediment, water quality, habitat, flood risk, water supply and hydropower, and economics. To achieve the UYRSP objective of fish passage, some of the future management scenarios under consideration include lowering or removing the dam. Any reduction in size of the dam would result in some change in the sediment regime of the lower Yuba River, and could cause the release of material presently stored in the reservoir. This increased sediment load could exacerbate existing hazards in the collection of redundant material (Figure 4 ). Secondarily, multiple boreholes allowed for some comparison of lateral variability in sediment properties, although this purpose is limited by the close proximity of the holes.
Coring methods and equipment
Cored sediment was recovered in clear, plastic liners approximately 70 mm in diameter. Each borehole consisted of one or more core runs or pushes up to 3 m in length (Table 1) . Each 3-m core was brought onto the deck of the rig and placed in horizontal orientation. The liner and its contents were then cut into sections of up to 1.5 m, and each section was capped and sealed with plastic tape. The material recovered in or below the core catcher or extruded out of the core liners was stored in plastic sample bags or occasionally in small pieces of core liner if stratigraphy could be preserved intact. Each individual section of each core (in liners or bags) was given a section number, starting with section 1 at the top of the cored interval. Material recovered at the bottom of each cored interval, from the upper and lower parts of the core shoe, was given section numbers 6 and 7 respectively. The longest and deepest continuous borehole (7C , Table 1 ) involved the collection of 14 cores. All sampled material was refrigerated after initial collection and processing.
Most of the time, hydraulic piston coring equipment with 3-m runs was used. This method produced the best preservation of the sedimentary layering because of the rapid downward motion of the core barrel (piston released at ~4 MPa). Sometimes the piston would not extend completely when coring through coarse sediment or large organic material (such as buried woody debris). This resulted in occasional uncertainty in the depth penetrated with each push, a disadvantage of piston coring. Some coring was also done by rotation using an extended shoe tool. This method had several advantages. First, it has the ability to precisely control the length of each run (up to 3 m) based on recovery and material penetrated, which was particularly important when approaching the cobbles, boulders and bedrock of the pre-dam river bed. Second, it could be deployed more rapidly than piston cores. Third, it could penetrate and recover coarser material in some cases. The main disadvantage of the extended shoe relative to piston coring was increased disturbance of the sedimentary layering. The decision to use a given tool for each core collected was made based on prior recovery and depth within the sediment section; the default was to use the piston corer. For all coring equipment used, in most cases, a recovery gap of 5-20 cm existed between each core run because of incomplete preservation of material in the core catcher and water-depth changes.
generally made by color (silt was darker and clay lighter) and textural properties in hand sample. After the visual descriptions were completed, pH and redox measurements were made by placing probes in the cores, in the same area where material was subsampled for methylmercury analysis. Finally, both the working and archive halves were sealed into plastic bags and D-tubes, and returned to a refrigerated facility for storage.
Calculation of section depths
During the core descriptions phase, the depths of the top and bottom of each section were estimated based on the cored interval and the material recovered. The actual amount of sediment recovered in a given core could be more or less than the length of the cored interval due to sediment loss or gas expansion. Both of these issues were common. Sediment loss was most likely to occur out the bottom of the liner as the core was pulled out of the borehole. In practice, this was common for coarse-grained, uncohesive sediments (sand and gravel), which could flow through the core shoe. Therefore, the assumption was made that lost material was always from the bottom of the cored interval. The only exception to this case was when there was reason to believe that some material might have been absent from the top of the core. In particular, recovery of the sediment-water interface in the top core of most of the boreholes was difficult to ascertain with confidence due to the uncertainty in the position of the lake floor and the fluid nature of the uppermost material. As a result, depending on the nature and length of the recovered sediment, and the estimate of the position of the core relative to the lake floor, material in the uppermost (first) core in some boreholes was assumed to be absent from the top, not the bottom. Gas expansion (typically <5% to 10%) was common in fine-grained sediments. Estimates of the amount of expansion in each section were made based on the visual inspection of the material (including the presence of cracks or gas bubbles), notes of material expanding out of the liner during core processing on the rig, and the amount of sediment recovered relative to the distance cored.
SUBSAMPLING
A major objective of the Englebright Lake deep coring campaign was to quantify the sedimentological and chemical properties of the material deposited in the reservoir. Therefore, subsampling the cores, for various analyses and at various intervals was a critical aspect of the project. Table 2 lists all of the different types of subsamples collected for this project. An important goal of the project is to define the locations and concentrations of any pollutants that are contained in the reservoir sediments, and predict fate and transport of this material under future dam-management scenarios. Because grain-size distribution has an important influence on transport, all of the subsamples collected for geochemical analyses were divided in two so that grain-size distributions could be measured in concert with geochemistry. Results of the grain-size analyses are reported by Snyder and others (2004) . Results of geochemical analyses (including trace metals, methylmercury and total mercury, mercury methylation and demethylation potential, pH, redox, gold assay) will be presented in forthcoming reports and articles.
Composite subsampling series
At each coring location, 2 to 5 boreholes were cored for the purpose of retrieving a continuous section of the stratigraphy, in spite of material lost between core pushes. After the initial logging and description phase was completed for most of the core sections, the core depth estimates were refined, and then resulting stratigraphy for each hole was graphed and plotted. This working stratigraphy provided a structure for a composite subsampling scheme that sought to retrieve as continuous a set of material as possible. This material was termed the "Y" series of subsamples (for example the series collected at site 1, from boreholes 1A, 1B, 1C, and 1D, was 1Y). Each subsample included about 10-100 cm of material. The subsamples were collected with a U-shaped channel sampler, either 1 cm 2 or 4 cm 2 in cross-sectional area. The length of each individual subsample was determined by the stratigraphic layering. Each subsample was split into several parts, for grain-size distribution, loss-onignition, trace metals, and total mercury concentration analyses (Snyder and others, 2004) . As a quality-control check, we took occasional replicate subsamples by taking twice as much material from a given interval and making 2 sets of subsamples for each of the analyses (labeled 1 of 2 and 2 of 2, Table 3 ). During laboratory analysis, technicians produced additional replicate subsamples by splitting individual subsamples (Snyder and others, 2004) .
The first step in the subsampling for each coring location was generally to identify a "master" borehole that included the most complete recovery. This borehole was used for subsampling as much as possible to minimize the uncertainty created by correlations. The first subsample collected from each coring location was the uppermost material recovered, as estimated by the properties of the material (usually fine grained, poorly consolidated, and high water content) and the core depths. The subsampling then continued in the same core whenever possible, shifting to adjacent boreholes at the gaps between core sections as necessary. These shifts were based upon direct, visual correlations of the stratigraphy whenever possible (Figure 7 ), and the estimated core depths in some cases where the visual correlations could not be made with confidence. Rarely, short gaps in the series of subsamples were unavoidable due to incomplete recovery of a stratigraphic unit from all of the parallel holes. At the base of each coring location, an effort was made to include the lowermost material recovered, generally based on the core-depth estimates. After subsampling was completed for each coring location, the depth interval for each subsample was computed based on the "master" hole that contained the majority of the material.
Methylmercury and total mercury concentration
Mercury, particularly in its bioavailable form, methylmercury, is a potentially harmful pollutant likely to be found in the Englebright Lake sediments because of the use of mercury in historical mining activities in the Yuba River watershed (Alpers and Hunerlach, 2000) , and the known levels of methylmercury in fish within Englebright Lake (May and others, 2000) . Therefore, the evaluation of mercury and methylmercury in reservoir sediments was a critical aspect of the project. Because methylmercury is created predominantly by microbial activity, immediately after the cores were split, subsamples for this analysis were taken, divided in half, and preserved by freezing. In each core section, 1 or 2 subsamples were taken by removing a series of sediment plugs from the cores using ã 1-cm diameter syringe over a ~10-cm interval. Care was taken to subsample material at least ~0.5 cm from the core liner to avoid the effects of post-coring chemical reactions (such as iron oxidation) that occurred in the sediment in contact with the liner. Because of the high cost of the mercury and methylmercury analyses, these subsamples were not taken from all of the boreholes.
Mercury methylation and demethylation potential
To evaluate potential rates of mercury methylation and demethylation (Marvin-DiPasquale and others, 2003) in the reservoir sediments, subsamples were taken from the bottom and middle of the stratigraphy at three coring sites spaced in the downstream (site 1), middle (site 4), and upstream (site 9) parts of the reservoir. The uppermost sediments were sampled in detail during a separate shallow coring campaign in October 2002 (Snyder and others, 2004) . The subsamples were collected over ~50-100-cm intervals using a 4 cm 2 channel sampler. After subsampling, the material was divided into three parts, for mercury methylation-demethylation analysis, methylmercury and total mercury concentration, and grain-size distribution (Snyder and others, 2004) .
Moisture content
Sediment moisture content data were needed to quantify the mass of sediment in the reservoir using the multisensor logs of wet bulk density. Subsamples for this analysis were taken immediately after core splitting to avoid loss of moisture by evaporation. The procedure consisted of extracting a ~5 cm 3 plug of sediment from one or two locations in each core section using a syringe, and placing it on a preweighed aluminum dish. This was then weighed, and placed in a ~100°C drying oven overnight. The next morning, the dried subsamples were removed from the oven, allowed to cool briefly (~5 minutes), and weighed again. The results of the moisture content analyses are shown in Table 4 . The ratio of the mass of dry sediment (m d ) to mass of wet sediment (m w ) is the percent dry weight (m d /m w ), which can be used to estimate dry bulk density (ρ d ) from the multisensor-logger-derived wet bulk density values (ρ w ), via the relation ρ d = (m d /m w )ρ w .
Gold assay analysis
To gain a preliminary estimate of the economic potential of the reservoir sediments, a series of composite samples were prepared for gold-assay analysis. The sampling focused on the upstream part of the reservoir (sites 7, 9, 8, and 2), where sediments are coarser and thicker. Relatively large volumes of sediment were necessary because of expected inhomogeneity (the "nugget effect"), so the entire working halves of a set of split core sections were combined. The strategy was to integrate representative parts of the reservoir stratigraphy, so for each site, two or three composite samples were collected from the top, middle, and bottom of the deposit. Because of the destructive nature of this sampling scheme, this work was done after all other core evaluations were completed. Furthermore, when available, we used material from aborted boreholes (5A and 3D) for this analysis, because this material was not emphasized in the other subsampling schemes.
Cs and
210 Pb geochronology Short-lived radioisotopes are commonly used to calculate chronology and rates of sedimentation in lakes, reservoirs, and marine environments (for example Holmes, 2001 ). We collected subsamples for 137 Cs and 210 Pb analysis from the three of the continuous stratigraphic series. We emphasized downstream areas for this analysis (sites 1, 4 and 7) because these atmospheric-derived isotopes generally attach to fine-grained sediment, (silt and clay) which is more abundant in the distal part of the reservoir (Snyder and Hampton, 2003; Snyder and others, 2004) . The resolution of the 210 Pb geochronometer is about 1 year, so we subsampled the same intervals used for the continuous Y series, but with higher frequency (for sites 1 and 4) to gain ~60 subsamples at each location. These subsamples were called the "X" series. We used a U-shaped 1 cm 2 channel sampler, with a sampling interval of 5-100 cm, depending on the stratigraphic layering (shorter for thin layers, longer for massive units). The results of the geochronologic analyses will be presented and discussed in a future article.
pH and redox
After the core descriptions were completed, we used pH and redox probes to measure these properties over approximately the same intervals that were subsampled for methylmercury and total mercury analysis. At each interval, we took three pH measurements, and one redox measurement. Redox measurements were allowed to equilibrate for ~20 minutes. The results of the pH and redox analyses will be presented and discussed in the context of the methylmercury data, to be published elsewhere.
CORE STRATRAPHIC COLUMNS AND WELL LOGS
Plates 1-10 present the stratigraphic data for each of the 27 boreholes where sediment was recovered (Table 1) . Details regarding production and presentation of these plates are discussed below.
Creation of stratigraphic columns
With the exception of the geophysical well logs, all of the data presented in Plates 1-10 are entirely contained in the FileMaker Pro core database. The plots were generated using AppleCORE, a software package designed specifically for the purpose of generating high-quality plots of borehole data (Ranger, 1999) . The core database has algorithms to export core data into a text format that is compatible with AppleCORE.
Detailed description of Plates 1-10
A large amount of data is plotted on Plates 1-10, so each column is explained here in some detail. All of the stratigraphic columns for each site are plotted together on the same plate. The vertical and horizontal scales are the same for all of the borehole logs. Each borehole has a key explaining all of the symbols and colors used.
Header. The top part of each stratigraphic column includes some general information. The full name of each borehole includes the project name (GLAD3-ENG02) and the borehole number (for example 1C). The date logged refers to the date that the borehole was cored. The core curator (or curators) responsible on the rig (all of whom are authors of this report) is noted. The remarks section includes the depth reference used, and the date when the data were exported from the core database.
Depths and core numbers. The first two columns of data on the plates mark the core depths in meters below lake surface (mbls, defined as the dam spillway elevation, 160.60 m), the core number, and box (or section) number within each core.
Logs. The next 2-4 columns include core and borehole log data. Wet bulk density and magnetic susceptibility logs were measured in the laboratory with the multisensor logger for all of the core sections in liners, as explained above. These data are included for all of the boreholes. P-wave velocity data were so sparse these logs are not included. The gaps in the logs exist for several reasons, including: breaks between sections in liners; data gaps within cores (due to gaps or incomplete recovery); and material either lost or contained in liners too short to log or in bags. Where available (Table 1) , borehole well-log data were imported directly into AppleCORE and plotted with the multisensor core logs. For consistency and clarity, density and resistivity are always plotted using the same scale, whereas magnetic susceptibility and natural gamma are plotted using variable scales.
Grain size. The centerpieces of the plates are the colorful grain-size stratigraphic columns produced based on the visual core descriptions described above. Intervals that were cored without recovery (usually from the base of the core, section 7, as explained above) are denoted with an "X". Intervals that were not cored (due to lake-level fluctuations or drilling errors) are blank on the stratigraphic columns.
Accessories. This column shows any sedimentary structures, lithologic or organic accessories, or fossils found in the cores. Arrows mark accessories that occurred over an interval, and the sizes of the arrows correspond to relative abundance. In practice, most of the accessories or fossils were organic matter-usually recognizable as terrestrial material (woody debris, leaves). Organic matter too small to classify was called "disseminated organics." The legend located at the bottom of each borehole column defines the symbols used.
Core disturbance. This column shows areas of the cores that were disturbed. Disturbance ranged from slight (stratigraphy intact but typically blurred along the liner) to extreme (stratigraphy not visible). In some cases, material was clearly resedimented-caused by mobility within the core liner-and these areas are marked, with arrow size corresponding to intensity of the resedimentation.
Sorting and roundness. These physical properties were logged based on visual analysis. Most finegrained units were classified as well or very well sorted. Sorting in sand and gravel units was more variable. The relative scale ranges from very well sorted (far left) to poorly sorted and bimodal (far right). Roundness was evaluated only for layers containing medium sand or coarser sediment. Most sand was classified subrounded. The relative scale ranges from well rounded (far left) to very angular (far right).
Samples. The entries in this column mark the top of all subsampled intervals that were taken. The various types of subsamples are discussed above and in Table 2 .
Color. The color column on Plates 1-10 shows the verbal version of the measured Munsell color (or colors) for the thicker layers.
Remarks. This column lists the remarks made during the core descriptions phase, marked at the center of the interval described. The remarks typically are related to overall descriptions of depositional sequences, interpretations of sedimentary structures, and verbal descriptions of core disturbance or post-coring weathering, often in a colloquial style. The sediment in contact with the core liner often exhibited a mottled oxidized color, which was classified "mottled rust color on sed exterior" or abbreviated "MRSCE."
SUMMARY
• The May-June 2002 Englebright Lake deep coring campaign is described. Methodologies used during coring, processing, and subsampling of the cored material are discussed in detail.
• A series of tables present borehole location and depth information, subsampling series and composite core depth intervals, and the results of 277 moisture-content analyses.
• A series of plates present the results of the visual descriptions and logs of all of the ~335 m of material cored.
• Future reports will present the results of sedimentological, geochemical, and geochronological analyses of the various subsample series.
• Future articles will present an integrated portrait of the stratigraphy and depositional history of the reservoir.
• The deep coring campaign represents an important component of the data collection effort to quantify the current conditions in Englebright Lake. This information is vital to understanding the implications of various future scenarios for dam management under consideration as part of the Upper Yuba River Studies Program. Explanation: top and bottom of the sampled interval in meters below lake surface (mbls); ρ w , mean wet bulk density (measured with the multisensor logger) over the sampled interval; nd, no density data available (section not logged). g. Figure 5 . Photograph of the multisensor core logger used in this study. CS1, M  CS1  GRS, TM, CS1  GRS, TM, CS1  GRS, TM, CS1  CS1   CS1  M  CS1  CS1, TM, GRS  CS1   CS1, TM, GRS   CS1, TM, GRS  CS1, TM, GRS  CS1, TM, Silt, lots of expansion gas bubbles, no visible stratigraphy.
Massive silt.
Bedded, clayey silt w/some silt, greenish clays in middle section.
MRCSE, lots of gas expansion bubbles and cracks.
Massive silt, some clayey silt near top.
Liners is ~95% full. GRS  TM  CS1  TM  GRS  CS1  GRS  TM  CS1  M  GRS  TM  GRS  TM  CS1  CS1  CS1  GRS  TM  CS1  CS1  CS1  CS1  M  GRS  TM  CS1 
GLAD3-ENG02-4D
Date 
GLAD3-ENG02-4C
Date ..
COLOR
Liner is ~85% full.
Organics grading up into sand--one couplet.
Organics grading up into sand--another couplet??
More organic rich toward top--may be gradational into 69-73 organic-rich layer.
Sand + silt overlying organic layer--couplet sand+silt overlying organic layers--another couplet; organics in distinct layers, thinner toward base
Liner is ~95% full.
Mottled rusty color on sed exterior.
Best example of several light down to dark color gradational transitions, with a clear break to the next sequence at the base.
2 more light down to dark gradations.
Organics grading up to fine sand to silt--couplet? Visible on the density graph, possibly extends up to clayey silt (102-112).
pieces of plastic trash
Lith (silt) not very continuous w/ overlying ccu sample (fine sand).
Sandy interval, liner is ~95% full, may be slightly resedimented. Coarser than similar interval in 4B-3H-1.
Mud clast--rip up?
No gaps through the sed (unlike rig description).
Distinct layers of plant remains.
Liner ~90% full.
5 cracks totalling ~1 cm. Plate 4. Stratigraphic and log data from site 4 (part 2). Boreholes are ordered approximately from west to east.
GLAD3-ENG02-4B
Date Liner is ~80% full.
Liner is ~50% full, material may be fill from elsewhere in core.
Liner is ~80% full.
Liner is ~40% full, material may be fill from elsewhere in core.
12-15 individual organic-rich layers visible
Liner is ~90% full. Gaps pushed together (to org layer at 57), won't match MSL log data for this interval.
Liner is ~90% full.
3 distinct org layers.
2 distinct org layers.
Sequences of silt, little sand, and organics. Difficult to ID events.
May be inversely graded.
Organic layer. Difficult to call which side is continuous sedimentation. Definitely coarser above, finer below. Liner is ~70% full, resedimented sand, likely <14.5 cm of material.
Sand, some hint of graded pulses, grading to base.
Complicated stratigraphy of sand, silt and orgs. ~16 indiv. org. layers. Dipping beds.
Curving beds--could be core deformation.
Possible graded sand bed, irregular basal contact with org-rich fine sand below.
Sand+orgs mixed on top, vague grading in sand below. Liner is ~95% full suspicious layers--3-7 cm fine sand and orgs; 7-10 cm silty gravelly sand, heavily weathered; 10-13.5 cm silt--all could be out of place, sand below 13.5 cm matches 8H-ccu. Two very similar coarsening-down layered sequences: clayey silt->silt->sandy silt w/ mica and orgs.
various fractures--~2 cm total gap space mixed deposition: silt with sand and silt two small clay clasts--hardened (drill mud? rip-ups?), see also sec 1, additional photo.
swirled bed of three units (silt, silty sand, and clayey silt)--core deformation or real (liquefaction--mass wasting or earthquake, or deformation by overlying depositiion)??? (see additional photo) anomolous blob of soft clay Some hint of wavy bedding, perhaps continuous with swirled bedding in sec 2 above. Cohesive chunk, some bedding preserved. sample weathered from 5y3/2 to 5y4/2 along sed-bag interface somewhat wavy/curved bedding planes--perhaps related to swirled beds in lower 7C-12H-2 mottled rust-color on sed. exterior, beds are dipping, silt and clay layers 2 vaguely graded sequences --silty clay on clayey silt on thin org layers resedimented med sand disturbed sand with clayey silt, sand continuous with sec 2 above beds dipping slightly beds dipping slightly, possibly real? distinctive gray layer silt and clay layers beds dipping slightly anomolous sand layer, 1 side appears to have slumped within the liner sandy silt and thin sand layer under thicker sand layer some mottled rust-color on sed. exterior sand intruding on sed. liner-interface, sed in entire section can slide on this sand layer silt and clay layers beds dipping slightly distinctive dark greenish layer massive basal sand, vaguely graded Plate 6. Stratigraphic and log data from site 7 (part 2). Boreholes are ordered approximately from west to east. Note that 7B is a continuation of 7A. Greenish fine sand w/ org bits continues from sec 1. Liner partially full and sed fractured, ~ 2 cm total void.
GLAD3-ENG02-7B
Relatively intact stratigraphy, 2 silt sequences and 1 greenish fine sand sequence.
Swirled beds of silt and fine sand, clearly the result of suction from sed exiting out the bottom. Transitional unit.
Some mottled rust color on sed exterior.
Liner is ~50% full--~36 cm gap space.
Resedimented sand--fine sand on top, grading down to mixed sand and gravelly sand.
Pebbles ranging from .5 to 1.5 cm were not included in descriptions. 
